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kemgZcguo \oh”guo \ _ebqgbg hkgh\Zgguc gZ f _|h”™_
Jha _g[exlZz < wlhf f_Ih~r_ 7~ey dZ ~"hc kemqgZcghc \_eb
©lhgq_qgu_ hp_gdb? ijb nbdkbjh\Zgguo adad Zghbgtolhh”
hldehg _gby ih h[_ klhjhgu hl kj_~g_]lh Kkj_"*g__ klzgn
kj _~g £ klzg”~Zjlgh_ hldehg_gb_ :gZeba f_Ih~ hf dhg_o
\uihegy |ky "ey dZ ~hc \hafh ' ghc dhf[bgZpbb Ihg_qgqguo h
ithemqgZ _hkyy r gbc M £ dhebq_kl\h azZ” ckl\h\Zgguo ke
\ _ebgbg

JZkqg_ | f _Ih~hf dhg_gqguo we f glh\ \uihegy |ky g _aZzZ
\hafh ' ghc dhf[bgZpbb Ilhg_gguo hp_ghd kemqgZcguo \ _eb
dZ "hc dhf[bgZpbb ijhba\h”*blky jZkgq_I| k bkihevah\Zgb_
\k_o izZjzf_ljh\ | =  ZgZeh]bgghZzgghfmfbpbkfg Im f_|h~
dhg _gguo we_ f_glh\

>Z9ggu_ jZkg_lu \uihegyebkv \ ij _"~iheh _gbb ghjfz
jZkij_~ e _gby m”~_evgh]h kp_ie_gby b m]JeZ \gmlj_gg_1]h

F _Ih” FhgiDZjeh

F_Iha FhdlZjeh iha\lhey | ihemqZlv j_r_gb_ fZIl _fZIt
nbabq_kdbo aZz*"Zq gZ hkgh\_ fh* _ebjh\Zgby b ihemqg_ghb)
F bkihevah\Zgb f jZaebqguo f _Ih*"h\ ] g jZpbb kemqgZcg
1 ZjzZf_1jZfb \ ~"Zgghf kemqgZ_ y\eyppdky\gebgdgey Z nmgd
\_jhylghklgh]h jZzkij_~ e _gby k\hcklI\ Jjmglh\

=eZ\ghc ijh[e_fhc 1ijb ihkljh_gbb \_jhylghklghc fh~"
hij ~ e gb_aZdhgZzZ jZkij_~ e _gby kemqgZcguo \ _ebqgbg
jZkij_~ e _gby "ey ihkljh_gby \ _jhylghklghc nmgdpbb
1 ZjZf &A@zl _fZIlbg_kdh_ h br"Zgb_ b ~bki_jkby

J amevlzZlihf j_r _gby y\ley |ky \ _jhylghklgZy mmgdpby
gZ hkgh\_ dhlhjhc fh gh hij_~ _eblv \_jhylghklv jZa\b
ijhp_kkzZ > @
>ey f _Ih*"Z FDg|jeh \\h*blky dhebqg_klI\h agZq_gbc dl
g _jbjh\Zgu "ey dZ ~hc kemqgZcghc \_ebgbgu < 7
I\_IklI\bb k bo klZlbklbq_ kdbf jzZzkij_~ e _gb_f [ueh k]_
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agZg_gbc m” _evgh]h kp_ie_gby b m]JeZ \gmlj_gg _]h 1j
dhg qguo we f _glh\ \uiheg _gh khhI\_IkI\ _ggh 1Zkq
500gZ[hjh\ \uoh”~guo j_amevlZlh\ dhlhju_ ih”\_jlebkyv
h[jZ[hld _

JZg~hfbabjh\Zgguc f _ Ih” dhg_gguo we f _glh\

RFEM + wlh hlghkbl_evgh gh\uc f_Ih” \_jhylghklgh
mklhcgb\hklb kdehgh\ \ dhlhjhf bkihevam _Iky dhf[bgZpt
kemgZcguo ihe _c¢c b f |h"Z dhg_gqguo we f _glh\

ljhkljZgkl\_ggZy baf_ggb\hklv k\hcklI\ ]jmglZ ijb |
"Zgghlh ih*oh”Z fh*_ebjm_|ky k ithfhsvx | _hjbb kemqz
khljezkgh dhlhjhc \ ex[hc h[eZklb B=W J=W k\hckl\Z
kemqgZcghcj f gghc 0ZjZdl _jbamxs_cky \_jhylghklghc
JZKij_~ e _gby b dhjj_ebjmxs_c kh agZqg_gbyfb k\hckl\
hfeZklyo > @ HgZ hij_~ ey |ky gZ hkgh\_ nmgdpbb 2Z\
fh™ 1 [ulv hp_g _9Z ih j_amevlZIlZf baf_j glE¢ ih\Zi" Igbyh
ihe \uo beb eZ[hjZlhjguo bkiulZgbc \ jZaebgguo IhqdZo f
k ihfhsvx nmgdpbb dhwnnbpb glZ dhjj_eypbb FZjdh\Z

0. 6 g, ©
AKR &R oL F3FOL” @EA EIZp M 1)

3

]I"R(2 9 xtdhwnnbpb_gl Z\Ihdhg b&ypBpkhexlgu_ jZkklhygh
f ""m ~\mfy IlhgdzZfb \ JhjbahglZevghf b \ jlbdZevgh
khhi\_Ilkl\; ggh y £+ dhjj_eypbhggu_ jZkklhygby \ ]Jhjbahg
\ jIbdZevghf gZijZ\e _gbyo khhlI\_IkI\_ggh

< "Zgghf bkke_~h\Zgbb ”“ey ]Jjmglh\ gZkuib gZ hkg
| ogheh]bb hlkuidb b miehlg _gby J[ueZ azZ”ZgZ \ _ebqgh
jZkklhygby \ JhjbahglZevghf gZijZ\ejlphlzevghf gZijZ\e
1f Dhwnnbpb_ gl \ZjbZpbb Hijtb gb]fefyerkly gg_]h I+ _gbyh
m” _evghfm kp_#e gbx ]jmglZo ih”klbeZxsbo gZkuiv
\uihegyebkv gZ hkgh\_ ~ | jfbgbjh\Zgguo o0Zjzdl_jbklbd

J amevliZlu b h[km ™~ _gb _

< dZq_kI\_ ihdzazl_ey gZ”~_"ghklb eh]lbqgh ©bkih
gZ™_"ghklb 5, dhlihjuc y\ey |Iky f jhc ghjfZebaZphbb
mklhcgb\hklb kdehgZ gZ klZg"ZLgt0]: hldehg_gb _

Ao 5@ )

¢ Ya '

L
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1" «&xkj_~g_d\Z~jZIlbgq_kdh_ hldehg_gb_ dhwnnbpb_glZ m

Kmki
>Zgguc ihdzaZzl_ev iha\hey | ih hclb d hp_gd_ mklh

ithabpbc |_gib ghklb
Ghjfbjh\zgb_ gz~ _"ghklb fh™  _| [ulv \uiheg_gh gZ hkg
h[jmr_gby kdehgZ b bg” _dkZ gZzZ1). ghklb 5, jbk

Jbk Mjh\gb gZ”~_ “ghklb > @

Blh]h\Zy ] hf oZgkoy fRdRyj ameviZIZfb \_jhylghklgh]
f Ihahf lhg_qghlh ijb[eb" _gby ij ~k2Z\e gZ gZ jbk

Jbk = hf_oZgbq_kdZy ko fZ k j_amevlZIZfb \_jhylghklgh]h jZk
ijb[eb” _gby P\ _Ihf ihdZaZgu h[sb_i_j f s gby
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ljb kj_"gKk«i \_jhylghklv jZa\blby hiheag_\h]h
J= |  kdehg y\ey |Iky mklhcgb\uf k \ukhdbf mjh\g_f g.
Kj_"gbKnr Z \ _jhylghklv jZa\blby hiheag_\h]h
J= |  kdehg y\ley Iky mklhcgb\uf k m~h\e_ I\hjbl_

gZ~ “ghklb3, .k

Jbk = hf _ozZgbg_kdZy ko _fZ k j_amevlzZIZfb \ _jhylghklgt
f ITh~hf FhdlZjeh P\ _Ihf ihdZazZgu h[sb_i_j f s _gby
Jbk =_hf_ozZgb#gokflZyk j_amevlzZIZfb \_jhylghklgh]lh jZzkq_|zZ f_I}I
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< jhylghklgu _ JZkqg _lu mklhcgb\hklb fhr _evghl]h
bkihevah\Zgb f |j o jZaebqgquo f |Ih h\ ihdZaZeb ohjl

dhwnnbpb_glh\ mklhcgb\hklb gh jZaebqggu_ jZkq_lgu_
1Z[e

LZ[ebpZ

J ameviZlu jZkgq_lh\ ih \k_f f_Ih~bd2zf

N Kji_~g_| KlZzg"Zjlg . A~ 1 <_jhylgh

F_Ih agZq K hidehg yg| MIM-9vV 927 1 54747
Lhg_qgghc h 1,27 000500 | <ukhdbec 0

ijb[eb” gby
FhgtDZjeh 1,24 0,071% M~Ah\e I\hjbl _¢ 0,3
RFEM 1,21 0,07785 G gZ”™ ‘guc 1,8
<uiheg _ggu_  jZkqg_lu ithdZau\Zxl ijbgpbibZevgmx

dhebq_ kI\_gghc hp_gdb gZ~ "ghklb ] _hl _ogbq_kdbo kbkl
\ukhdhf azZizk_ gzZ”~_ "ghklb kh]eZkgh .kk_ Mhgdfladadh gdhyd
g_h~ghjh~rghklb k\hckI\ ~Z"  lhevdh ]jmglh\ gZkuib |j_|
\iheg_ gZ”~_ "ghc

Bkihevah\Zgb_~ 1 _jfbgbjh\Zggh]h ih?oh”Z g_ iha\
jbkdb k\yaZggu_ k g _hij_~ e gghklvx aZzdeZ”u\Z_ fuo \
dhg _qgguc j_amevlZl jZzkg_Ih\ fh™ | hdZazZlvky g_hijzZ\"Zg

>Zggu_  jZkg_lu y\eyxlky gZley”~guf ijbf_jhf \F
ijZdlbg_kdhc j_ZebazZpbb \ _jhylghklguo f_Ih~h\ \ bg _g
] hl _ogbd_

Kms kl\mxsZy f Ih*heh]by jZkq _Ih\ hkgh\ZggZy gz *
ith*oh” _ "he'gZ \ dhg_qgqghf blh]_ IjZgknhjfbjh\ZIvky
ijbf _g _gby \ jhylghklguo ih*oh”h\ \'] hl _ogbd_  KlhoZklb
hp _gdb mklhcgb\hklb b jZkqg_ _|Z gz _hghlkglb ZikvaVhgh\ ¢
g_hij_~ e gghklb k ihke_ _~mxsbf _]h kgb gb_f gq_j_a \tL
nZdlhjh\ h[mkeZ\eb\Zxsbo g _hij_ "~ e _gghklv b \uiheg _ g
b dZzq_kI\_ggh]lh ZgZe®&aZ jbkdh\ >

Kibkhd ebl_jZImju

1. ;bg~_j D O jfzg > < Fhr _ebjh\Zgb -DEZjEMh¥ F|
klZlbklbg_kdhc nbabd_F NbafZlebl Kk

2. @"~"Zgh\ W J FZebdh\ J N Obkf2 hhievexb gjghl_D
fhr _ebjh\Zgb_ nbabqg_kdbo y\e _gbc b ijhp-IxEhahf_ Ih’
Mnz Ba&a™;=IM Kk
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Djhihldbg F I < _jhybgHhHkijgilhgbjh\Zggu_ jZkqg_lu mklhcc
kdehgh\ b hldhkh\ FZl _jbZeu f_""mgZjh~ghc dhgn_
hp_gdZ ijbjh”*guo jbkdh\ \ klj,hhbl_evkKzt?2

Djhihldbg F I Dhj[mlyd | < =:\IhfZlbabjh\Zggu_ f_1F
mklhcgb\hklb kdehgh\ b hldhkh\ K_j]l__\kdb_ ql
]h*bgghc k_kkbb GZmqggh]h Kh\_1Z J:G 1ih ijh[e_fz
bg g jghc ] _heh]bb b JbFh]=AEK]bb<ui K 879.
Dmjlmah\ D < Nhf gdh B D KbjhldbgzZ - H G
klZlbklbg_kdb_ ih?”oh”u ijb hp_gd_ g_hij_"*_e_gghKklIk

Kbkl _f = _hwdheh]by B89. « K
FboZceh\ = <hclbr_d : < Qbke_ggh_ klZlbklbqg_kdl|
F _Ih*u FhdlZjeh F :dzZ”™ _fby k

Ko _fzZlbazZpby k\hckI\ ]jmglh\ ijb fzl _fZlbg_kdhf fh
bg g _jghc ] _heh]l]bb b ]_hl_awylbfd gdh BDEg]mah)
> G=hjh[ph\ lIGh\]hjh~rh\Z KHjkldbgZz G_aZ\bkb
we dljhgguc mjgZe ©=_hbgnh? >We dljhgguc j_k
https//geoinfaru/productfomenkaeigor-konstantinovickskhematizaciy&vojstv
gruntovpri-matematicheskormodelirovaniv-inzhenernoegeologiti-geotekhnike
44659shtml "Z1Z h[jZs _gby
(O5DPO\ + ORUJHQVWHUQ 1 &UXGHQ ' 3UREDELC
SUDFWLFH &DQDGLDQ *HRWHFKQLFDO *RXUQDC
KWWSV GRL RUJ W
, QWURGXFWLRQ WR SUREDELOLW\ DQG UHOLDEL
HQJLQHHULQJ :DVKLQJWRQ '& 86% 8QLWHG 6W
j>We _dljhgguc jJ krjk k| KNI WO KRRUGHHW DL OV
'7,8B%'$ PRGMS"ZIZ h[jZs _gby
.UDKQ - O6WDELOLW\ PRGHOLQJ ZLWK 6/23( : $C
VMGLWLRQ UHYL\RIDRD GE@RSDIBID,MDMWHUQDWLRQDO
S
S3KRRQ .5HOLDELWVH®/\GHVLJQ LQ JHRWHFKQ&8FDO +
DQG IRAUN< 86FD\ORU DQG )UDQFLV S
I9DQPDUFNH ( 5DQGRP ILHOGYV DQDOWILBWHPIMQEG V\Q
SUHVYV S
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M.P. Kropotkin %, I.K. Fomenko?

Moscow State (National Research) University of Civil Engineering, Mossimgeos@yandex.fu
2Sergo Ordzhonikidze Russian State University for Geological Prospebtosgowlifolga@gmail.co

COMPARISON OF PROBABILISTIC CALCULATIONS
WHEN ANALYZING THE STABILITY OF ROAD EMBARKING SLOPES
USING THE FINITE ELEMENT METHOD

Abstract. Probabilistic methods are an essential tool in risk assessment and reliability analysis of
geotechnical systems. Despite the fact that in existing versions they are able to approximately take
into account only the variability of soils and the uncertaifityeir properties, probabilistic methods

for assessing slope stability are in some cases preferable to deterministic methods for geotechnical
analysis. Several probabilistic methods, including the point estimation method (PEM), the Monte
Carlo nethod (MCM), and the random finite element method (RFEM), can be combined with the
finite element method. RFEM differs in that it takes into account the effects of spatial variability,
including correlation distance (length). This is one of the reasonthdodifferences in collapse
probability estimates calculated from RFEM compared to more traditional probabilistic methods.
This study compares the MCM, PE&hd RFEM methods using the example of assessing the stability

of slopes of a road embankment, whis based on highly variable and partially weak soils. The
averagestability IDFWRU ZDV A $W WKH VDPH WLPH FDOFXODW
method showed the real possibility of embankment collaitise probability of this is about 2%. The
calculations performed showed the fundamental possibility of quantitatively assessing the reliability
of the geotechnical system under consideration based on a stochastic approach.

Key words: uncertainty; finite element method; probability; slope stability; reliability.
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| 1jh\GN,, Gbdblbd¢ix, GbdhghjHBZ

Qm\zZrkdbc ]hkm~ZjkI\_gguc mgb\_jkbl_Ibkfhj®dhhM2rnhghkdibc nZdmevl_|I
dZn_"jZ nbabg_kdhc ]_hljZnbb b PR hiffihd k Betioybf@gnjail.com

HJHEB ?>BGHC MGBNBPBJH<:GGHC DE:KKBNBD:PB
HIHEAG?C < HIHEAG?<?>?GBB

'gghlZpb#([jZs_gh \gbfZgb_ gZ ZdImZevghklv jZajZ[hlhd ?”bghc
deZkkbnbdzZpbb hiheag ¢ ?MDH \ hiheag_\ _~ gbb b gZ kgb _gb_
lj_~eZ]Z_|ky \ZjbzZgl kha”rZgby ?MDH: ithd ZkkikbngddZ@bc ih f_ozZghb
hlg k _gguolLBoBigkdbf d ©gZb[he__ iheguf2 ijbkh_"~bgb\ d gbf d
B HLbo\bgkdh]h ] b+tBpymédkgZ ] lj_~eh _gu gh\u_ hij_»
hkgh\guo ihgylbc hiheag \ "~ gby hihea_gv hiheag_\hc ijhp_kk
gh\h_ hij_fbe hiheagy \dexq_gu ijbagzZzdb hlI*_e_gb_ kl_gdZ kju\z
kh kj_~hc \ij_~ eZo eh Z

Dexq_\u_ keh¥Y2ZbgZy mgbnbpbjh\ZggZy deZkkbnbdZpby hihe
ghf _gdeZlimjgu_ |1Zdkhgu mjh\gb hj]J]ZgbaZpbb hiheag \uo | _e
hiheag_c h[t_dl b ij_~f | hiheag_\uo kbkl_f kmsghklgu_ ijbagZdb

Im[ebdZpby \ua\lZgZ g_h[oh”bfhklvx h[jZlblv \gbfZg
j _adh]h mom”r_gby \ ihke ~gb_ Jh”u \ hl_qg_kI\ _ggh
hilghr_gby d ijh[je_f_ ?”~bghc mgbnbpbjh\Zgghc deZkkb
?MDH ijbgpbiu hlghr_gby d ijh[e_f_?MDH aZ jm]

aZkem b\zZxl| hi*_evgh]h jZzkkfhlj_gby d __ klZImkm b jh
hiheag \ "~ gby Z bf_ggh _keb \ ijhrehf klhe Ibb \hijh
hiheag_c¢ klj_fe_gb_ ihgylv bo ij_"*gZagZq_gb_ b klj
ijbhjbl_Igufb 2 @ dBgqZe_ wlh]l]h \_dZ km”"y ih |Zdbf
gZmqgguf hl_q _klI\_gguf im[ebdZpbyf > @ f
klZzjzZzxlky g_ \kihfbgzlv At kwlh?MDdyZy mgbnbpbjh\Z
deZkkbnbdZpby hiheag_c¢c | _ kbkl _fZ eh]bg_kdb khih~qk

\aZflhk\yaZgguo _kl _klI\ _gguo ghf _gdeZlmjguo dZd hl de.
]jmglh\_~ gbb gZijbf | IZdkhgh\ hiheag_c¢ hij_" e
hjl]ZzgbazZpbb LZzdZy ko _fZ ihke _ h~h[j_gby b ijbgy
hiheag \ "h\ Ihc beb bghc kljZgu dZd wlivekemddodekyv
kzZzdkhgkdhc ]jmii_ kljZzg klzZgh\blky \ wlhc kljZzg_
ghjfZlb\guf *hdmf_glhf \ bamq _gbb jZkihagZ\Zgbb b”" gl
hiheag_¢c \ ihe_\uo mkeh\byo ZgZebazZ f_oZgbafZz
hiheag_ \uo kbkl_ f khklZ\leq gllgpwddhj® e ¢ \uiheg _gby b
j_amevlZlh\ JZkq_1h\ b ijh_dlbjh\Zgby jZpbhgzZe\
ijhlib\hhiheag_\uo f_jhijbylbc LzdZy ko_fzZ ~he gZz

ijbgpbizf _kl_kI\_gghc IZdkhghfbb ijbjh*guo |_e g_
eh]bg_kdbo hrb[hdfhigmPNynbhb XX&® jhkkbckdh_ hiheag_\_A7
g_ h[gZjm beh ih~h[ghc ko_fu Kkj_"b bf_xsboky [he
ij_"klZ\bl_e_c¢c beb _  g_ azZf_qZeh 1_i_jv ~_ ih ~Zgguf
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g_ \b”Abl \ g_c¢c hkh[hc g_h[oh”bfhklb < ijbgpbi_ h
khh[s_klI\h _ g _aZf_qZeh b \iheg_ h[oh”behkv [_a g__
fhghl]jZnbb ?2flevygh\hc ] k mihfbgZgb f h[ 2?MDH H
b I i jv >@ g_ lhevdh [_a dBdHKdQh[ ba gZmqgguo hij_~

|Zdblmkgh\guo ihgylbc hiheagZd_ Mh|higbdglh |Zdh_ hihea_gV
hiheag \hc ijhp_Kk™f b hiheag \hc f _oZgbaf"” [ a dhl
ijbgpbi_ g _\hafh' gz b kzZfz dhjj_dlgZy bo deZkkbn
ith™\_j"~"Z lhpagvx
< k\ | ~kdZaZggh]h \hijhk ©Gm 'gZ eb ?7bgZy

deZkkbnbdZpby hiheag ¢ ?MDH kh\j_ f gghfm]HHi'hgag_ \
ij_"klZ\ey |ky ijZa~guf > ckl\bl_evgh fgh]l]bf baukd
ihdZazlvky qlh _keb ~h kbo ihj gZrZ gagld b _ gjxydl
h[oh”"bebkv [_a g_]h aZghngh gibgyeb dzZd [u aZ ?MDH ]j
f oZgbg_kdbc \ZjbzZgl ko _fu <ZjgkzzZ azZl jbkh rZ}glZ

g_ h[km *"Zy ~jm]b _ lh gm ' gZ eb hgZ \hh[s_" Ih
ijb” _j b\zZ_fky g>xg@®@ qglh hrgh\j_ f ggh_ khkms_klI\h\Zgb
NZT  ©ijZ\bevguo? ih < < Dxglp2tex @> de&kZkkbnbdZp
jZ\ghkbevgh hlkmlkl\bx bo Ih fg _gbx B H L@o\bdk{ing¢h >

ihegu_ deZkkbnbdZpbb him[ebdh\Zgu F D =ha&ZZdkghf b

< <Dxglp_e_f = K AhehlZzZj \ufl_Ijh\uf G N <
NZgguc kibkhd ke _"m_| aZkem  _ggh ~h[Z\blv b ko _ fm
B HLbo\bgkdh]lh > @[&o_fm DxanrjglgZ b kj_"b wlbo |

ke “m_| bkdZlvghbebkbarZlv [m"msbc dhee dlb\guc ?M
ithjhagv hgb \k_ g _ithegu_ Z \f_kl_\dexqZxl \k_ ba\_Kk
hiheagtdbjibgbdh\ a*Zgby [m?"ms_]h ?MDH Ilhwlhfm ?M
gm gZ gh __ kha”Zgb_ k\yaZgh b k mlhqg _gb_fdujo ~ e
gb”_ ihgylbc hihda_ dnvheag \hc ijhp_kk hiheag_ \hc 1
him[ebdh\Zgguo \ I g b Z\lhj4fb\ \ijhp_kk_ jZajzZ[hldb ?N
g_agZqbl_evgh hlj_~Zdlbjh\Zgguo \ gZklhys_ _ \j _fy Ke
ihimeyjgh_ hij_~ e gdf _ew8hl\hc ©kf s gb_« [_a ihl
dhglZzdlz«2 hlebqZ_| hiheagb Ihevdh hl h[\ZeZ hkui_c b
hl fgh _kI\Z ~jm]bo ijhp_kkh\ b y\le _gbc ih\_joghklgt
itheamqg_klb djbiZz b ~_k_jipbb 2~Z°_ hl khebnexdpbb d
leZklt\ hijhdb”u\Zapplgs.

Hiheag_\hc ijlkpijkb _kk hiI”*_e hdpwrZ hl kdehgh\h]h
hldhkgh]h fZkkb\Z _]1h qZklb beb qzZkljc* bdokths Zghb
hijZanky_gdm kjb\khojZgyy fZl_jbZevghkhk kjyalwc k\h_]h
h[jZah\Zgby A" kvkhbjZgZdi© fZI|I jbZexkdhkjki*phabk\h ]h
h[jZah\Zgby2 \f _klh ©[_a ihl_jb dhglzZzdlZz2 hlebqZ _| hi
hkui_c ijbagZd O&Zeddib kjuVd&bqgzZ_| hiheagb hl djt
N k_jipbb dmjmfz khebnexdpbb bj~]_ eZ o] RBdigad h@y |
hlebgZlv hiheaghdZiil gguo eZ\bg? -OGphideR\d c @
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nmgdpbhgbjmxsbo m° _ azZz ij_~ eZfb eh Z -ith™gbe
] hfhjnheh]bq_kdbf ]Jb”jheh]bq_kdbf hkh[_gghklyf Ihevd

Hihea_gv h[t_dl hiheag ki“pgblpg_kdh_ ] heh]bqg.
Jhjghihjh~rgh_ ]jmglh\h_ | _eh bhebedgkI\Hfhlijbbkokh ~ gl
hij_~ e _ggufb kljmdIimjgufb nmModgbhbgZledgib b "~jm]b
k\hcklI\Zfb b hlghr_gbyfb <g_ Z\lhjkdbo jZ[hl \ hij_" e _
ijhp_kkz2& ~h kbo ihj ]lhkihAkl\m_1 ihgylb_ ©*\b" _gb_
kf s gby [_a ihl_jb dhglzdlza k a@h ~NYhd&Zhklzghz\qlh wl
iIjbagzdZ 7~ey hiheag_c¢c y\gh g _"hklZlhggh | d ZgZe
N k_jipby b djbi b Ntz kedomhine _qvky hl bo kdhjhkl_c
hij_ ~ e gbx hiheagy ZZlhjzZfb "h[Z\e_gu I1Zdb_ ~hiheghbl_
©hlju\2 ©h[jZah\Zgb_ kl_gdb kju\zZza ©Okf_s_gb_ \ ij_" ¢
njZau ©”\b" _gb_ [_a ihl_jb dhglzZzdlZ k eh  _f hk_gkgh\Z
keh\hkhqg 1Zgb_ ©khojZzg_gb_ fZl _jbZevghc k\yab Kk
h[jZzah\Zgby?2 | d ijb hiheag_ \hf ijhpekkbqg\ RKdhghfZkkb\ _
hiheag \h]h | _eZ khojzZzgyxlky k\yab g_ Ihevdh k eh
dhfihg _glZfb Kj_"u dzd ]b”jh]_héhdblyg kgl bkdb
] _hfhjnheh]bgq_kdb_ b ~) Gh \ KI > @ khojzg gz kI
j_ "Zdpby ihgylby ©hiheag \hc ijhp_kk2 L _i_jv h[ hiheag

Hiheag \hc f _oZgbaf ij_~f | hiheag_ V“KkKiZgbyg
hiheag \uf | _ehf beb kbkl fhc hiheag \uo | _e \aZbfh"_
kh[hc iml_f khijbdhkgh\_gby b kh\_jrZxsbo hij_~ e _ggu
hlghkbl_evgh *jm]Z b g_ih*\b gh]h eh Z Hilemmd|Ihghf_o
nmgdpbhgZevgZy fh*medwpbyhgXtlbg_ _kdh]h hiheagy k |
kljmdImjhc _]h kmsghklv lj_"~_ihgylb_  ©hiheag._
hij " eyeky Z[kidzddgWb  gb_ ] hkbkl _fu jZamf__|lky b
©ihke_ _"h\Zl _evgZy kfkigkZlhygbcpPh?? evygh\Z;,hmgDZjbd
LZdb_ h[sb_ hij_~ e gby g 9gZp_eb\Zxl bkke "h\ZIl ey
f oZgbafZ hiheag \hc kbkl fu _  nmgdpbhgbjh\Zgby :
jZaghh[jZab _ ijhkluo b keh ' guo hiheag \uo fljoZzdmadh\ \
ko f jZkq _lguo fh” _e ¢ b y\ey Iky nZdlbq_kdbf fZI _jbzZ
keh\zfb ?MDHh dexq d dhjj_dlguf jZkqg_lguf ko fzZf i
mklhcgb\hklb d h[hkgh\Zgguf ijhlb\hhiheag_ \uf f_j
j ]bhgZevguf deZkkbnbdzZpbyf

GZagZq_gb_ ?MDH \ hiheag \ "~ gbb ZgZeh]bc
deZkkbnbdZpbb fbg _jZeh\ \ fbg _jZeh]bb deZkkbnbdZz
ihjh~\ i _Ijh]jZnbb hkZ2hggudbeh]bb Jjmgljimglh\_~ gbb
deZkkbnbdZpbb [_kiha\hghegglhuglheh]lbb b ~j 1ljbq_f ijbc
|Zdkhghfbb i _j gqbke _gguo dhklguo b [bheh]bg_kdbo h[t_
ZgZeh]bggu_ hgb deZkkbnbpbkhgukyijba kddsggfh \oh”ysbf
hij_ ~ e gb_ h[t_dlZ deZkkbnbdZpbb b \ujZ Zxsbf ]t
deZkkbnbdZpbb :\lhjkdb_gbyy "k]jZWekgh\guo f _Ih”*heh]bc
\hijhkZo 1Zdkhghfbb ijbjh*guo h[t_dlh\ Baeth ihgfg\ \

30



FZl _jbzeull:8[s_jhkkbckdhc-gjZmldgh kdhc dhgh\yk g\ b
©1 jki_dlb\u jZa\blby bg' _g_jguo baukdzZgbc \ kljhbl_evkI\_ \ Jhk}
] Fhkd\Zghy[AL " dZ[jy3]

fhgh]jZnbyo ih IZdkhghfbb ijhkluo b kehfgwo <hifpleag c
k" eZgZ ihiuldzZ kh[jZlv \k_ ba\_klgu_ gZmd_ I|IZdkhgu
hiheagtwe f glh\ deZkkZ ©hiheagb? \-ib”_ ef oZgipathe gi
bo ghf gdeZlmjgu_ f_klZ b ]Jygblbg ’kkdbkhkiAc k kh[ex”"_
eh]bgq_kdbo ijz\be b ijbgpbih\ _kl_klI\_gghc IZdkhghfbb d
obfbg_kdbo we_f_glh\ fbg_jZeh\ Jhjguo ihjh® b #j
kKh[klI\_gguo kmsghkbguZodh\ Ih j_amevlZlzZf Z\Ihjkdbo bk
4+ @ I1zdbjffbklufb 1ZdkhgZfb y\eyxlky \ q_luj_o ]jmiiZo
12 1bih\

Bkke "h\zZgby kljh_gby keh ' guo hiheag _c lhevdh gZ«
bo i_j\hc deZkkbnbdZpbb ihkljh_g iml_f h[h[s_gby ihgy!
ljm~h\ ~ kyldh\ ij_~r_kI\_ggbdh\ > @

LZdbf h[jZahf 2ZMdYH\Z ~ey khklZ\e _gby dhjj_dlguo
fhr e ¢ | d ihkljh_gbx IZdhc fh®_eb nZdlbg_kdh]h ~ <

ij_~r_KkI\m_1 ijhp_"mjZ bamqg_gby _]h kljh_gby \ ihe_\
ijh\_~_gbb bg -]Jg hghlbg_kdbo baukdKighadImdjBph\Zgghc
kbkl fu b jZkihagz\Zgby __ k ihabpbc ijbgZ”e_"ghklb

kljh _gbx b ~\b" _gbx d h”ghfm ba |IZdkhgh\ ?MDH Kk
hkh[ _gghklyfb kljh _gby b nmgdpbhgbjh\Zgby KhklzZ\e
liZnbgq_kdZy ko fz f _oZfjbldfhibamgy¥ b klv hkgh\Z ]h j
fh™ _eb ‘\lhju gzZ”_ xlky glh ij_"eh  _ggu_ jZajZ[h
ki_pbzZebklzf gz \k_o klZz"byo baukdzZl|l _evkdbo jZ[hl gZ
| jjblhjbb b dhgqzZy khklZ\e _gb_f hdhgqzZl _evgh]h | _og
j_amevlfZijh\_~ gbb bg-]ghgphbg kdbo baukdzZgbc
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N.F. Petrov, O.V. Nikitina, I.V. Nikonorova

Ulyanov Chuvash State University, Cheboksprgtrovnf@gmail.com

ON THE ROLE OF A SINGLE UNIFIED CLASSIFICATION
OF LANDSLADES IN LANDS LIDE SCIENCE

Abstract. Attention is drawn to the relevance of Unified Classification of Landslides (EUKO)
developments in landslide science and to the decreasing interest in this problem. An option is
proposed for creating EUCO by synthesizings 4classifications by mechanismassigned by
.LO.7LNKYLQVN\ WR WKH 3 PRVW FRPSOHWH" DGGLQJ WR WKHP
and Crudenivarnes (1996). New definitions of the basic concepts of landslide science are proposed:
landslide, landslide process, landslidectrenism. The new definition of a landslide includes the
following features: separation, failure wall, material connection with the environment, within the bed.
Key words: Unified Classification of Landslides (EUKO); nomenclatural taxa; levels of organization

of landslide bodies; natural taxa of landslides; object and subject of landslides systems; essential
features; calculation models.
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=Zedbg K X RZjZn_|*"bgh\ : B eZ dh : < <hedh\

HHH ©=?HBG@K?J¥BKa|¥ JDONLO#JIOWHBIW BFRPGLORY OQYDU#JPDLO F
DE O D J(KN.R/ FR YRONRY#JLVFSW FRP

KJ:<G?GB? WNN?DLB<GHKLB IHE?<UO B E:;HJ:LHJGU
F?LH>H< HIJ?>?E?GBY NBRBOHGBQ?KDBO K<HCKL<
=JMGLH<

:gghlZpb@z ijbf_j_  h[t_dlIZ Jueh ijh\_~ _gh kjZ\g_gb_ wnn_dlb\gh
nbabdhoZgbqg_kdbo k\hcklI\ ]jmglh\ jZaebqggufb ihe \ufb b eZ[hjZIh
bkke_ "~h\Zgbb [ueb jZkkfhlj_gu ke _"mxsb_ ihe_ \u_ f_Ih*u klZlIbc
bkiulzgby ~bealhf HZjd Ilb bkiulzgby \jZsZl _evguf kj_ahf dj
bg g _jphheh]l]bg_kdh_ [mj_gb_ bkiulZgby ij_kkbhf_Ijhf bkiulzZ
dhfie _dk eZzZ[hjZlhjguo f_IhA"h\ ~hklZlhgguo “ey jZkd DmmeithgZh” _
b g _ebg_cgh]h f_oZgbg_kdh]mglidA_~Walmy d]p\ghklv hij_~_e_gby
f oZgbq _kdbo k\hckl\ ]Jjmglh\ k ihfhsvx mihfygmluo f_Ih~h\ [ueZ ijh
kjZ\g_gby aZzZljzl gZ \uiheg_gb_ dZ ~h]lh \b”Z jZ[hl h[t_fZ b dhebq_
k ihfhsvx dzZ ~h]h f_Ih~Z ij_"kliXbhggaby "Zgguo \ pbnjh\hc nh
ijh~he bl _evghklb \uiheg_gby dZ ~h]h hI* _evgh]h f_Ih"Z

Dexqg_\u_ kem&Zn_dlb\gu_ ihe_\u_ bljgheth]poch kdb_ f Ih”u bkiulz
klZlbg_kdbf ahg”bjh\zgb_f bkiulZgby ”~bezZlhf_ I|jhf FZjd_Ilb bki
\jZsZI|l _evguc kj_a djuevgzZIldz] _hélglbag _kdh_ [mj_gb_  k ijh\_~
eZ[hjZlhjguo jZ[hl bkiulEgblZfjmfglij kkbhf ljbgq_kdb_ bkiulZgby

dimZevghklv

HljZzkev bg g _jguo baukdZgbc kms_klI\m_ | \ mkeh
mkdhj _gby b "b&Zfimndgy [bag_ k klj _fblky \ kzZfu_ k ZI
ithemqgZlv dZq_kI\_ggu_ ]Jhlh\u_ j_r_gby 7ey ihklZ\e_ggu
wnn_dlb\ghklb f_ITh"h\ ihemqgf gb4gbmba&ddblo k\hckI\ ]jm
yley |ky JeZ\ghc aZ”*Zq_c wlhc jZ[hlu

< dZqg_kI\_ ijbf_jgt\al gZ dhlhjhf [ueb \uiheg_gu jZ
f ITh™~u bkke_ ~h\zZgby ]jmglh\ \ oh”_ijh\_~ gby ~“hiheghbl.
aZdZaqgbdZ bg] helhdgbqg kdbo baukdZgbc

lh” wnn_dlIb\ghklvx ijbgylh kgblZlv khhlghr_gb_ f_ "~
j_amevlZlhf b bkihevah\Zggufb j_kmjkZfb < Z\lhjkdhf ket

j _amevlZlI

Ah[t _f ~Zggudhebqg_ _kl\h b h[t_f ihemqg_gguo ~Zgguo
f oZgbgq_kdbo k\hckl\Zo ]JjmglZ dzZ ~uf f_Ih"hf

Apbnjh\hc nhjfzl i_j\bggua\hadhguphklv ihemq_gby ~Z
h ] heh]Jbg_kdhc kj_~_ \h \j_ fy ijh\_~ gby bkiulZgbc [_=¢
hrb[db hi_jZlhjhf b k \hafh ghklvx dhgljhey b ijhkfhljz ~
\j_fy
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i _kmjku
Akihbfhklv jzédhdhebq_kI\h ~ g “guo kj_~kI\ azZljzZq
ijh\_~ gb_ dZ ~h]lh ihe _\h]lh b eZ[hjZlhjgh]h f_Ih~Z
AazljZq_ggh_ \j fy Ijm2dh&bj@lkl\h aZljZgqb\Z fhlh \j
gZ \uiheg _gb_ jZ[hl dZ ~uf f_Ih~hf

lehsZAdZ ijh\_~ _gby ~“hihegbl evjurehpbggkid baukdZz,

lehsz”"dZ bkke_ "~h\Zgby jzZkiheh gZ \ p_gljZevghc
Kb[bjkdhc jZ\gbgu\hkbhljgghc gZklbF@gkgbekdh]h Z\lhghfgh
hdjm]Zz
GZ wlzi_ kljhbl_evkI\Z bkke_"m_fh]lh h[t_dlZ gZ
jZ\ghf_jgu_ hkzZ~db dhlhju_ azZ h”bg ]h” fhgblhjbg]Z kh
f
P_evx jZ[hl yley Iky ithemq_dignZjdbpbeéviygcheh]bq_k
kljh _gbb b khklhygbb ]jmglh\ gZ aZzZkljh_gghc | _jjblhjb
"hihegbl _evguo bgl] lehglihg kdbo baukdZghbc Ney
ihke ~“mxsbo ijh_dlguo j_r _gbc
Bg _g_jyghheh]bg_kdb_ baukdzZgby ijh\h*bdbkwcd ~*\Z
wlZigijh\_~ gb_ ihe_\uo bkke_~h\Zgbc Jjmglh\
AklZlbqg_kdbf ahg”bjh\Zgb _f k baf_j gb_f&h78\h]h ~Z\
ArbezZlhf _Ijhf FZjdD7Alb
AbkiulZgby ]jmglh\ gZ \jZsZl _evguc kj96&7 djuevgZldhc
<lhjhc wlz& ijh\_~ gb_ ihe_\uo b eZ[hjZlhjguo bkk
]Jimglh\
Abg> g _jphheh]bg_kdh_%mj _gb _
AbkiulZzgby ]jmglZ r3ZFihf
AbkiulZzgby ]1jmglZ ij_kkbhT _Ijhf
Aez[hjzlhjgu_ jZ[hlu k hij_~nbabb_kdbo k\hckl\ ]Jjmg
nbabdhoZgbqg_kdbo k\hckI\ ]jmglh\ Afbmedng ZFHhjZ eb
g ebg cgh]h f 0oZgbg_kdh]h ihBRMR bR IBRGB@ HH S
GZ i_j\hf b \Ihjhf wlZiZo ijh\h*"beZkv dZf_jZevgZy hJ]
gZibkzgb_f hlgq_IZ
Lhgdb bkke ~h\Zgbc ]jmglh\ jZkiheZ]Zebkv ih m]e
ihk _j _~“bg_ h~ghc klhjhgu khhjm  _gby GZ i_j\hf wlZi_ |1Zi
bkiulzgby \ p_glj_ a”~Zgby \ ih™"\Zevghf ihf_s _gbb '
bkke_ ~h\Zgby ]jmglu [ueb bkiulZgu jZaebglgaibbtpgkdifhc
f ThrzZfb jzZkklhygb f ""m hl* _elwdukiulZdhezg ij \urZe
f jbk
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Jbk leZzg jZkiheh  _gby Ilhg_d bg g _jguo bkiulZgbc
lhe \u_ f _Ih”u

KIZIbg_kdh_ ahg"&&dTB8gb _

JZ[hlu \dexqgZeb ijh\_~ _gb_ bkiulZgbc klZlbg_kdbf &
iylb lhqdZo dzZ ""Zy Jem|[lhdlg¥Z Ihqdd Jem[bghx f H[sbc
bkiulZgbc khklz\be

<h \j_fy ijh\_~ _gby bkiulZgbc klZlbg_kdbf ah
ijh\h"bebkv Thg_qgu_ bkke_ "~h\Zgby gZ jZkk_b\zZgb_ ihjh\
"bkkbiZpby

BkiulZgby JjmglZ "beZI'Of7 Ijhf

:gZeh]lbggh klZlIbgq_kdhfm ahg”bjh\Zgbx J[ueb ijh\_~_
bkihevah\zZgb f "bezZlhf_|jZz FZjd _Ilb Bkke_ _~h\Zgby ijh\
lhgdZo b ~h | _o "~ Jem[bg BkiulZgby khklhyeb ba \
"beZlhf _1jzZ \ Jjmgl k ihke_~mxsbf hij_ "~ &f glZqgfZzexg’hjh b
dhg_qgh]lh "Z\eb@bddlzZz jZkrbj _gby f_f[jZgu "beZlhf_|jZ \
]limglZz H[sbc h[t_f bkiulZzgbc khklZ\be

BkiulZzgby ]jmglZ \jZsZI|_ev@bi7k]_ahf

GZ hkgh\_ ihemg_gguo ~Zgguo ih klZlbg &8@AkHim ah
"beZlhf_ljbqg_kdbf bki®WIZgbgb \u®”_e gu kehb keZ[uo ]eb
]imglh\gk FlZ

>ey ihe_\h]h hij_~ e _gby g_"j_gbjh\Zgghc ijhgghklb -
[ueb ijh\_* gu bkiulZgby gZ \jZsZl _evguc kj_a djuevq
ijh\h*"bebkv IThg_qgh ~hf]lew[Bgyueh ijhba\_"~_gh bkiul-z
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Bkke_ ~h\Zgby ]Jimglh\ [ueb hkms_kl\e gu Z\Ihf
djuevqZldhc

Bg _g_jdhheh]bg_kdh_%mj_gb_

;ueh ijh\_~ _gh [mj_gb_ bghelklbghkdbo kd\Z'bg k hl
h{jZaph\ \ iylb IhgdZo Jem[bgZ dZ ~“hc kd\Z bgu khklz\
h{t _f [mj_gby ih] f

:mj_gb_ ijhba\h”*behkdzgzigpugh b dhehgdh\uf kihkh]
gZklhlhc hi[hjZ h[jZaph\ i_kgZguo ]Jpbghkkluo ]imglh\
Ihke azZ\ _jr_gby [mj _gby dZ ~hc kd\Z bgu hlh[jZggu_ h][
\ eZ[hjZIhjbx

BkiulZgby JjmglZ rlI3fimf

,ueb ijh\_~ gu bkiulZgbc ]Jjmglh\ riZfihf \ iylb jZael
>ey bkke ~h\Zgby bkihevah\Zeky \b@lhibhsZZ¥ixkfbi<
k\yvab k | _ogbg_kdbfb hkh[_gghklyfb ijh\_~ gby rlZfih
jZ[hlu ijh\h"bebkv ~h ]Jerim[bgu

Bkiulzgby ijh\h*bebkv ih ko_#& jZalihmdihXIhjgh
gZ]jm _gb_

Bkiulzgby ]Jjmglh\ ij kkBHOX71jhf

< k\lyab k I|I_f qlh rlZfih\u_ bkiulZgby ijh\h”*bebk\
bkke “m_fmx bg] _behdbhg _kdmx lhesm \ ~hiheg _gbb d
ijh\_"~ gu ij_kkbhf_Iljbg_kdb_ bkiulZgby

;ueb \uiheg_gu bkiulZgby ij_kkbhf_Ijhf \ ©[ukljhfa

BkiulZzgby ijh\h*bebkv jzZ"bZevguf ij_kkbhf_Ijhf "bz
dZf _ju ff \'i_kgZguo b Jebgbkluo JjmglZo ikjk@a]fmadZ]jm
ih\lhjgfHy¥]jm _gbem|[bgZ bkiulZgbc khklZ\beZ hl A h

GZ hkgh\_ h[jZ[hlZgguo ihe_ _\uo b eZ[hjZlhjguo *"Zgg!l
ke "mxsb_ bg Jghedljbq_kdb_ we f glu B=W &k ihemqg_
f oZgbgq_kdbo ozZjzdl_jbklbd I1Z[e

>ey jZkq_lZ wbabdbhq_kdbo izZjzZf_Ijh\ Jjmglh\ ih
klZlbg_kdh]h ahg"bjRRZIgbybkihevah\Zehkyv ljb@h™ _gb
Kl ©Bg _glibbh]bg_kdb_ baukdzZgby ey kljhbl

>hihegbl _evgh bkihevah\Zebkv aZjm[_"gu_ jZkq_lgu_

Afth mev » _nhj{dgkkqblZg ih nhjfme_ ba im[ebdZpbb :

Amlhe \gmlj_gg_]Bejlzk&qgp1Zg ~“ey i_kgZguo ]jmglh\ ih
ba > @ "ey ]Jebgbkluo ]jmglh\ Memhjd3nkO D\QH

Akhijhib\e _gb_ g _"j _gbjh\Zg&hZmkkdIZ]gh ih nh@me _ :

Kji_"gb_ ghjfZlb\gu_ agZq_gby m]eZ 3grkhjiigbo\kh byt
g_"j_gbjh\Zgghfm&kp]me kghhyh*mey *_nhffZihkebng_ggu_
k ihfhsvx jZaebqguo ihe_\uo b eZ[hjZlhjguo f_Ih~h\ bf_x
jZkoh ~_gb _
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FZI_jbZeudll;8[s_jhkkbckdhc-gZuoldpgh kdhc dhgh\ykbd\db
©l _jki_dlb\u jZa\blby bg g _jguo baukdzZgbc \ kljhbl_evkl\_\ Jhkkbckdhc N_" _jZ
] Fhkd\zZghy[At~ dZ[jy3]

LZ[ebpZ
Hkgh\gnbabdhoZgbqg_kdb_ o0zZjzZdl_jbklbdb ihemqg_ggu_ jZaebqgufb ihe \ufb b eZ[hjZlhjc

B=W gZkuwiv khd f edbc iehlguc g h”ghjh”guc kj “g c kIl i gbhAhfhgZkus ghby
? FlIZ + + + +
3f + + +
B=WZ gzZkiivkhd f edbc kj g c iehlghklb h”ghjh”*guc kj g _c kIl _ i gbAh”"hgZku
? FlZ + + + + | \
3f + + +
B=W km]ebghd e ]Jdbc kehbkluc fy]JdhieZklbgguc k \dexg_gb_f+hkliZldh\ hj]JZgh
? FlzZ + +
3f * + + +
& dlZz + + +
k dlz + + + + +
B=W i khae \Zluc \h"hgZkus gguc kj “g c iehlghklb Jem[bgZ
? FlzZ + + + +
3f + + +
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FZI_jbZeudll;8[s_jhkkbckdhc-gZuoldpgh kdhc dhgh\ykbd\db
©l _jki_dlb\u jZa\blby bg g _jguo baukdzZgbc \ kljhbl_evkl\_\ Jhkkbckdhc N_" _jZ
] Fhkd\zZghy[At~ dZ[jy3]

? Flz + + *
B=W km]ebghd kehbkluc fy]dhieZklbgguc Kk ijhkehyfb km]ebgdZ ImflhieZklbqggh
3f * + + +
& dlz + + +
k dlz + + + + +
B=W i khd f _edbc iehlguc \h"hgZkus gguc g _h”ghjhf*guc ]Jem[bgZ
? FlzZ + + + +
3f + + +
B=WZ i khd iue \Zluc kj ~g c iehlghklb g h”ghjh”guc \h™hgZfkus gguc Jen
? FlZ + - + | + |
3f + + +

ljbf_qZgl®@ £fh"mev h[s_c *_nhjfZp®dtamF& \gmlj _gg_]hfl§& gkhyijhib\e _gb_ g_"j_ggbjh\Zgghfm k~"\b
ktkp_ie_gb_ dlZz
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FZl _jbzeull:8[s_jhkkbckdhc-gjZmldgh kdhc dhgh\yk g\ b
©1 jki_dlb\u jZa\blby bg' _g_jguo baukdzZgbc \ kljhbl_evkI\_ \ Jhk}
] Fhkd\Zghy[AL " dZ[jy3]

AgZqg_gb_ fh me_c¢ h[s_c ? _nhefldgBbfu_ gZ hkgh\:
jZaebgguo f_Ih~h\ bkiulZgbkchilgklZhgmvky f_"~"m kh[hc |
hij_ ~ e _gb_ ijh\h”blky ijb jZaebgguo gZijy _gguo khklk
hg j_ v IjZ _dlhjbb baf_g _gby kj_~g_]h gZijy _gby >ey
\ I d g _ebg cghfm baf_g gbx khijhlb\e _gby hJ[t_fg
N nhjfZpb® >

ljb ijh\_~ _gbb ] _hl_ogbg_kdh]h fh”_ebjh\Zgby
bkihevah\zZlv izjzZf_lju hij_~_e _ggu_ jZaebqgufb f_Ih*Zft
ij_"~ihez]Z _fhc jZ[hlu ]JjmglZ \ hkgh\Zgbb > @

Wnn_dlb\ghklv ihe _\uo b eZ[hjZlhjguo f_Ih”h\

Lim*hazljzZlu

GZ hkgh\_\j f gb aZljZzqgq_ggh]h gZ ijh\_~ gb_ ihe
JZ[hl ljZgkihjlbjh\dm h[jZaph\ b eZ[hjZlhjgu_ bkke
g_h[oh”bfhklb [ueb jZkkqgblZgu Ijm*hgzZlfelyw dZ g hdh
\uiheg_ggh]h ihe_\h]h b eZ[hjZlhjgh]h f_Ih*Z 1Z]e

LZ[ebpZ
Lim~"h_fdhklv b “ebl_evghklv jZaguo f_Ih~h\

U)E\; -C—.‘ =Y =4 —
> | — _c@ O O sxxj
I o > = |9 < N o o o | |o2a
: EN| 22 | =T | o= | U3 2 5= N
Kjz\gb\zZ_fuq =5 | N©¢ N O oo | £ = IN T
VAVAIRY ?\_13 S — o7 - o < P St
e == | N | 2oy | B2 | x° | ocEoN
_Q w Red —
= p—
Lim"h fdhkle‘g
>ebl _evghklv

GZ hkgh\_ nZdlbgq_kdbo \j_f gguo aZljzZl J[ue ih
"ebl _evghklb ijh\_~ gby ihe _\uo b eZ[hjZlhjguo bkiulZghb

Bkoh”"y ba ijh"he bl _evghlkhb*"hAANiZAd Vg &lZlbg_ _kdh _
ahg”"bjh\Zgdd "bezZlhf_ ljbg_kdb_ bk7ukZghx[hldhc ihe_ \uo
NZgguo b gZibkzgb_ f hlq_1Z ihjgdhfiZgewr \ \] f gb q_f
bg g jphheh]bg_kdh_ Patikghbjh\_~ gb_f eZ[hjZlhjguo |z
h[jZ[hldhc “"Zgguo b gZibkzgb f hlg_IZ ijb koh _f h[t_f_
ithemqg _gguo rMfbaBdbbg kdbo oZjZdl _jbklbd k ihfhsvx ~"Zgg

GZ ijh\_~ gb_ bkke_"h\Zgbc "jm]bfb ihe \ufb f_Ih"Zf
[hevr_ \j_ f gb b ihemqgq_gh f _gvr__  dhebaZdkbdgh kdbal
oZjZdl_jbklbd g_f ijb ijh\_~ gbb klZlbg_kdh]h ar
"beZlhf_ljbgq_kdbo bkiulZgbc
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FZI_jbzedll;8[s_jhkkbckdhc-pgZuoldpgh kdhc dhgh\yk b\ b
©l _jki_dlb\u jZa\blby bg g _jguo baukdzZgbc \ kljhbl_evklI\_\ Jhk}
] Fhkd\Zghy[AL "~ dZ[jy3]

Jbk >ebl _evghklv ijh\_~ gby bkiulZgbc ~*g
Klhbfhklv ijh\_~ gby jZ[hl
GZ hkgh\_ \uiheg_gguo ihe_\uo b eZ[hjZlh)\g®ogZ[hl

kjZ\g_gb_ h[s_c klhbfhklb aZljZg_gghc gZ \uiheg_gb_
dz ~uf f_Ih~hf jbk

Jbk Highkbl_evgZy klhbfhklv ijh\_~ _gby ihe \uo bkiulZ¢
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FZl _jbzeull:8[s_jhkkbckdhc-gjZmldgh kdhc dhgh\yk g\ b
©1 jki_dlb\u jZa\blby bg' _g_jguo baukdzZgbc \ kljhbl_evkI\_ \ Jhk}
] Fhkd\Zghy[AL " dZ[jy3]

< dZq_KkI\_ wlZehgghc klhbfhklb [ue \u[jZg ihe )\
\uiheg _gb_ dhlhjh]h Jueh aZljZg_gh gZbf _gvr__ dhebq
kj_"kI\ < ~Zgghf kemqgZ_ wlh ij_kkbhf_I30q@_kdb_ bkiulZg

Ba ]bklh]jzffu hlghkbl_evghc klhbfhklke RMm_fbkqglh
ijh\_~ gb_ bg Jghjghlbg_kdh]h [mj _gby b ihke "“mxsbo ¢
bkke_ ~h\Zgbc ih klhbfhklb [he__ q_f \ "\Z jZazZ "~hjh"
bkke_ "h\Zgbyfb k bkihevah\Zgb _f 1] _kkBhigljzdh]bel
ahg”bjh\Zgby

GZ ijh\_~ gb_ bkiulZgbc k bkihevah\Zgb_ f klZlbq_kt
ihlj _[h\Zehkv g_kdhevdh [hevr_ nbgZgkh\luo j_kmjkh\ ¢
bkiulzgby ij_kkbhf_Ijhf H~”gZdh k ihfhsvx klZlbg_kdh]
m~rZehkv ihemqgblv [hevr__ dhefogpZkgbtkdbloabdhZzf Ijh\ b
bkke ~h\Zlv \k_ B=W \u”_e_ggu_ gZ mqZkld_ jZ[hl

Ke “m_1| hif_Iblv qglh rlzfih\u_ b ij_kkbhf_Ijbq_kd
ijh\h*bebkv "ey qZklb bkke_"m_fh]h fZkkb\Z ]jmglZ ~h ]el

b gZgbgZy k ]Jem[bgu f 1j_kkbhf _Iju Gb h”bg ba
hi~ _evghklb g_ ihal\hebe bamgbly_PnmedZbigk kdnbk kle "m
]Jem[bg_  ihwlhfm wlb bkiulZgby ke_"m_|I| jZkkfzZljb\ZIlv

ke ~h\zZl _evgh \j_ f ggu_ Ijm~haZljZlu gZ bo ijh\_~ gb_
JZ[hl ke_~m_1| jZkkgblu\zlv \f_KkI_

Ba |]bklh]jZffu hlghkbl_evghc klihbfhklb ijhh]f "elyy jZ[
klZzlbg_kdh]h ahg”bjh\Zgby “beZlhf _|ljbg_kdh]h bkiulZ
] heh]l]bg_kdh]h [mj_gby k eZ[hjZlhjgufb jZ[hlZfb Ke_ ~m_
[mj_gby k ijh\_~ gb_f eZ[hjZllhgguogjZ[hl jZaZ \ur_ klhb
ijh\_~ gby bkke_ _"h\Zgbc Jjmglh\ klZlbgq_kdbf ahg”®bjh\Zgl
kilhbfhklb ijh\_~ gby “beZlhf_Ijbgq_kdbo bkiulZgbc jbk

Jbk Highkbl_evgZy klhbfhklv ih] f b hAghlh ijh\_~ _ggh]h
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FZl _jbzeull:8[s_jhkkbckdhc-gjZmldgh kdhc dhgh\yk g\ b
©1 jki_dlb\u jZa\blby bg' _g_jguo baukdzZgbc \ kljhbl_evkI\_ \ Jhk}
] Fhkd\Zghy[AL " dZ[jy3]

Ba ]bklh]jzffu hlghkbl_evghc klhbfhklb ijh\_~ gby
bkiulZgb_ "ey \jZsZl| _evgh]h kj_aZ djuevqZldZ riZfih
ke _“m_I qlh ijh\_~_gb_ bkiulZgbc rlzZfihf ~hjh _ ihqlb
kjZ\g_gbx k "jm]bfb \b”r"Zfb kf jbk

Ba ]bklh]jzffu hlghkbl_evghc klhbfhklb ijh\_"~_ gby
f_ Ih~hf gZ ihemqg_gbf_ ovggdhkdbo o0zZjzdl_jbkibd h~

\u® e gguo B=W \ iheghf h[t_ f_ ke _"m_| qglh bkiulZz
ahg”bjh\Zgb f dzd fbgbfmf \ jZazZ ™ _r_\k\ thikNZxlvgu
[hevr nbabdZgbg_ kdbo oZjzZdl_jbklbd ljh\_~ gb _
djuevgZldhc \ jZa "~hjh”_ klzZlbgq_kdh]h ahg”bjh\Zc

highkbl _evghc klhbfhklb ~jm]bo f_Ih”~h\ ijbf_jgh \ Ijb jz
wlh k\lyaZgh k “hjh]h\baghc ijZ\gbc ghyelvkizidhc gZ [he:
lem[bg_  fZeuf dhebq_klI\hf bkke ~m_fuo B=W Z |1Zd _
ijh\_~ gguo bkiulZzgbc gZ dZ ~h]h B=W jbk

Jbk Highkbl _evgZy klhbfhklv ijh\_~ gby ihe _\uo bkiulZgbc ¢

GZ hkgh\_ ~Zggbbghkpl_evghc klhbfhklb b "~ebl_
ijh\_~ gguo jZ[hl [ueZ khklZ\e _gZ ~bZ]jZffZ wnn_dlb\g
] heh]bg_kdbo fibllkh"h\

GZ "bZz]jzff_ wnn_dlb\ghklb ihdZaZgu \k_ \uiheg_ggu
bkke_ ~h\Zgby J]jmglh\ b hbgb\ g* jghheh]bqg_kdh_ [mj_gb
jZaebqggufb \Zjbzglzfb ijh\_~_gby eZ[hjZlhjguo bkke_"h\z

bg g _jphheh]bg_kdh_ [mj_gb_ k ihemqg_gb_f nbab
]imglh\

bg _g_jphheh]l]bq_kdh_ [mj_gb_ k ihemqg_gb_f nbab
]imglh\ b fhr _elDrh¢hgZ
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FZl _jbzeull:8[s_jhkkbckdhc-gjZmldgh kdhc dhgh\yk g\ b
©1 jki_dlb\u jZa\blby bg' _g_jguo baukdzZgbc \ kljhbl_evkI\_ \ Jhk}
] Fhkd\Zghy[AL " dZ[jy3]

bg g jphheh]bg_kdh_ [mj_gb_ k ihemq_gb_f nbab
]limglh\ fh~ e ADmhgBAgZ &bg cghlh f _oZgbq_kdh]h ih\_~ ¢

Jbk >bZ]jzffZ wnn_dIb\ghk]bhedq]bg_jlghbo f_ IhAh\

Ba "bz]jzZffu ke_"m_1| qlh “ey themq_gby ~Zgguo ]_
klZlbg_kdh_ ahg”&3mM\Vegyb Iky gZb[he__ wnn_dlb\guf f_Ih~
ihal\hey | ihemgblv "Zggu_ \ dhjhldbc kjhd ijb hlighkbl_
klhbfhklb BkiulZzgby djuevgZldhc b *bezlhf_Ijhf FZjd _Ilb
ihemqgblv "Zggu_ \ dhjhldbc kjhd gh ih [he__ \ukhdhc p_

Pbnjh\hc nhjfZl i _j\bgguo “"Zgguo

ljb i _j\hgZgqZevghf ihemq_gbb ~Zgguo h[ bamqgZ_ fh
fZkkb\_ \k_]*"Z ijbkmlkl\m_1 jbkd bo g_\_jghc bgl_jij_1Zpk

Pbnjh\bazZpby ~wlduojhp kk ij \jZs _gby ZgZeh]h\uo
jZ[hgbo ijhp_kkh\ \ pbnjh\hc nhjfZl HgZ \dexqZ_ | \ k_
pbnjhl\uo | _ogheh]bc 7~ey Z\IhfZlbaZpbb jZ[hgbo ijhp_
dzq_kI\Z ij_~hklzZ\ey _fuo mkem] hilbfldZZpbbh\lymbgbly?
wnn_dlb\ghklb jZ[hlu hj]ZgbazZpbc b ij_"ijbylbc \ p_ehf

ljb h[jZ[hld_ ~Zgguo ithemqg_gguo ijb bkke_ "h\:
klZzlbg_kdbf ahg*bjmIgbbfezlhf [jH07 bkiulZgb_ f gZ
\jZsZl|l _evguc KWebBb ijb eZ[hjZlhjguo bkke_ "~h\Zgbyo Z
NZggu_ ij_h[jZamxlky \ pbnjh\hc dh” k ihfhsvx wWe&_dljhg
Wlihl f_Ih® mijhsZ_| ~hklmi d ihemqg_gguf ~Zgguf b m
h[jz[hldb mkljZzgyy kmJ[t_dlb\ghklv bgl_jij_IZpbb b \ha
k\yvaZgguo k jZ[hlhc hi_jzZlhjZ

H[jZ[hldZ i_j\bgguo ~Zgguo ihemqg_gguo ijb [mj_g
] _heh]bg_kdbo Kd¥Zrbgfihl\uo bkiulZzgb/ilo bkiulZgbyo Kk
bkihevah\zgb f ij_kkB&¥7 INZihegy Iky hi_jZlhjhf ljhp_
h[jZ[hldb "Zgguo *Z"_ hiulguf hi_jZlhjhf hkh[_ggh ijb jZ
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hit fzZfb ~Zgguo fh | ijb\_klb d hrb[dzf b |j_ [m_I
\j f _gguo aZljzl

H[t f ihemqgZ fuo ~Zgguo

ljb ijh\_~ _gbb bg Jghpdibq_kdh]l]h [mj_gby \ dhfie
eZ[hjZlhjgufb jZ[hlZfb \dexgZxsbfb jZkq_ | jZaguo fh” _e
ithemqg_gu nhabdhpbqg_ _kdb_o0ZjzZdl_jbklibdb *“ey \k_o \u”®_e_

< ijhp_kk_  bkke_ "~h\zZgby |]jmglZ k bkihevah\Zghb
ahg”"bjh\Zgby b "bezZlhf_|jZz FZjd_ Ilb 1Zd _ [ueb ihe
f oZgbq_kdb_ ozZjzZdl_jbklbdb \k_o \u”_e_gguo B=W k f
i1ZjZf_ljh\ azZ kqg_I hij_~ e _gby fh® _eb g_eblg itdhlhgfbwZ
]JimglzZ ijb eZ[hjZlhjguo jZ[hlZo

ljb ijh\_"* _gbb bkiulZgbc gZ \jZsZl _evguc Kkj_a 1
Ij_kkbhf_ljbg_kdb_ bkiulZzgby [ueZ bkke_~h\ZgZazZbrv
hkh[_gghkl_c ijh\_~ _gby bkiulZzgbc wlbfb f_Ih~"Zfb Djh
ithe \u_ f_Ih?u iha\lheyxl ihemfgwlZgbbhakdb _ jiwjiMmdlZ
ebrv \ g [hevrhf dhebq_ kI\ _
GZ hkgh\_ \k_]Jh h[t_fZ ijh\_~ _gguo hijf ~o2£qlyd ck diboa
oZjZdl_jbklbd dz ~uf f_Ih~hf ~ey h”ghlh ba B=W ~ey
khklz\e gZ |IZ[e

LZ[ebpZz
Dhebqg_klI\h hij_"~_e_gbabadpdhgaebq_kdbo izZzjzf_Ijh\ gZ ijbf_j_ B:

Fhmev h[s|
N nhjfZpbb
? FlZ

I+

M]lhe \gmlj _
lj_gb¥f
Khijhlb\gb _
g_"j_gb
jh\Zgghfm
kK"\b]&ga d1Z

Kp_ie_d&bdlZ

I+
I+
I+
I+

I+
I+

I+
I+
I+
I+
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] Fhkd\Zghy[AL " dZ[jy3]

< |Z[e ~ey ijbf_jzZ ij_"~klzZz\e _gbg”*bg jhhheh]bqg_ kdbo
we f _glh\ iehgB~=dd® | d \ g_f ijh\h*bebkv bkiulZgby ]jmg
f_ Ih~rzZfb H~”gZdh j_baendvl£flh gh ijbf_gblv b d “jm]bf B:
ithemqgZlky koh?*gu_ ~"Zggu_ b khhlghr_gby

KIZIbg_kdh_ ahg”?bjh\Zgb_ itha\hey | ithemqgZlv gZb]|
hij ~ e gbc nfbalZdgbg kdbo k\hckl\ ]JjmglZ ithkdhevdr
kgblu\Zlv b h[jZ[Zlu\Zlv ~Zggu_ h ]Jjmgl_ g_ij_jk\fgh q.
ijhc”_gghl]h ahg”hf jZkklhygby ;eZ]ihg¢Zky\mZdhfim jdhguo
hij_ ~ e gbc fh 'gh ihemqgblv ~ IZevgh_ ij_~klZ\e_gb_ h |
fZkkb\Z b _]h g_h~ghjh”rghklb

AgZgbl_evguc h[t_f 7~Zgguo iha\lhey | \uihegblv
klZlbklbgq_kdmx h[jZ[hldm kgb Zy jbkd g_\ _jguo \u\h”h\

<u\h”u

lh klhbfhklb ijh\_~_gby jZ[hl| &hgldghkadhdy\ey |ky
gZb[he__ wdhghfbg_kdb wnn_dlb\guf ihe_\uf f_Ih~ hf gZ
hit_dlz

lh h[t_fm ~*"ZgRiha\hey | ithemqgblv gZb[hevr_ _ dhe
hit_f hij_~_e_gbc fnw&gdbyg_kdbo ozZjzdl_jbklibd JjmglZz
f _ITh~u

Pbnjh\baZpby ~“Zgguo ihemqg _gguo KklZlbq &8Bf ah
"beZlhf |jbqgq_kdbfb bkiu0ZglhkiulZgbyfb djuevRBIlidhc
eZ[hjzZlhjgufb bkke "~"h\Zgbyfb ihal\hebeZz h[h[sblv
] heh]l]bg_kdhc kj_~u g_ihkj_~kI\_ggh \ fhf_gl vldhfijh\_
bgl _jij_1Zpby ZgZeh]h\uo ~Zgguo ijhba\h*beZkv we dlj¥h
glh ih\ukbeh kdhjhklv h[jZ[hldb b bkdexgbeh hrb[db
ANyl _evghklvx hi_jZlhjZz

:gZeba jZkg 1Z azZljzq_ggh]lh \j_ f gb \ \b”~_ Ijm~t
gZb[hevrmx wnn _dlb\ghklv ihe \uo f_Ih2h\ ijb ijh\_~ g
ahg”"bjh\Zg8y7 "beZlhf_Iljbq_kdbo bki@TZghblkciulZzgbc gZ
\jZsZI| _evguc9lj7 a

KIZIbg_kdh_ ahg”bjh\Zgb_ ih khhilghr_gbx f_""m
j_amevlZlihf b bkihevah\Zggufb j_kmjkZfb yl\ey Iky gZb
f Th~rhf

Kibkhd ebl_jZImiju

Fbjguc : X :gZeblbg_kdh_ khihklZ\e _gb_f _Ih”h\ ijyfh

iZjZf _ljh\ ~ _nhjfbjm_fhklb ]JjmglZz = hl;ogdbdzZ
K =
Kl Bg gljdleh]bg _kdb baukdZgby

kljhbl _evkI\Z H[sb_ijZ\beZ ijhba\Vh~kI\Z jZ[hl
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. XOKD2ZzZ\ ) + OD\QH 3 : ODQXDO RQ HVWLPDWLQJ

GHVLIQ LWRPFD&RUQHOO 8QLYHUVLW\ S
5DG 1 6 IKQ@QHHFW FRUUHODWLRQV EHWZHHQ
XQGUDLQHG VKHDU VWUHQJWK Rl FOD\ SURF

6\PSRVLXP RQ SHQHWUDWLRQ WHVWLQJ 3IKQHWU
1HWKHUODONEHP DOR O 3 +

6 X *DONL@GKHPUYUDIHW G LDV KSIROIRIONRY

*(2,1*6(59,&(_ KORVFIRZIDONL Q# JJLOKHBWWD FRPGLORY OQYDU#JPDLO FFR
D EODIKNR#JOV KRG NFRVP#IILVFSW FRP

&203%$5,621 2) ()),&,(1&< 2) ), (/' $1' /$%25$725<
0(7+2'6 2) '(7(50,1,1* 3+<6,89(&+$1,&$/ 3523(57,(6
2) 62,16

$EVWBNMEWJ WKH H[DPSOH RI DQ REMHFW D FRPSDULVRQ ZDV
WKH SK\WLFDO DQG PHFKDQLFDO SURSHUWLHV RI VRLOV XV
IROORZLQJ ILHOG PHWKRGYV ZHUH FRQV LVGHIUW G 0IDQ FNKKIW WY XC
WHVWLQJ YDQH VKHDU WHVWLQJ JHRWHFKQLFDO GULOOLQJ
ODERUDWRU\ PHWKRGV KRN GRREWRRBUH OWRBD ®RKKH QRQOLQH
PRGHO RI VREWLYKBHMWRI GHWHUPLQLQJ WKH SK\VLEDO DQGC
WKH PHQWLRQHG PHWKRGV ZDV DQDO\]HG E\ FRPSDULQJ WKF
YROXPH DQG DPRXQW RI GDWD REWDLQHG XV L @JDMWIDFKQP 8 WK
IRUP DQG WKH GXUDWLRQ RI HDFK LQGLYLGXDO PHWKRG

H\ ZRUGIVIHFWLYH ILHOXH RORILFHHU PIIWKRGY FRQH SHQHYV
GLODWRPHWHU WHVW YDQH VKHDU WHVW JHRWHFKQLFDO
SUHVVXUHRPHWULF WHVWYV
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Dhqg_\ : >
HHH ©Bgklbiml 3LjZgkijh_dIbg]b@thjd\lZ2 D NRFKHY#PDLO UX

K<?>?GBY H D:JKELKMMNHABHGGUO <HJHGD:O
<] FHKD<?

:gghlZpbly_~klZ\e_gu gh\u_ ~_[IZevgu_ k\_2Kkomny haldiZzgguah\hjhgdZ
DK<h[jZah\Z\rbokiyhkd\_ :gZeba "Zgguo h DK< Z-]Zdeh]ibg kydbgh
mkeh\bc b ijbjh”u bo h[jZah\Zgby ihdZaZe ke_"mxs__- Za
kmnnhabhgguo ijhp Kkhkkd\\ JuezZ \uvual\ZgZ fhsgufb hldZgqdZfb ba
dZjklh\uo \hdhleqg_kl\h DK< b bgnhjfZpby h gbo g_"hklZlhggu "ey
j_ij_a_glzZlb\guo \u[hjhd “"ey ijh\_"~ _gby klIZlbklbgq_kdhc hJj
3)jZkij_~_e_gb_ agZqg_gbc izjzf_Iljh\ \hjhghd g_ hlI\_qgZ_1I ¢
eh]JghjfZevghfm aZdhgm agZq_gbwI*bhEf |Ijhh \Zjvbjm DK< jZa\b\Ze
\ jZaguo bg -y hgh]lbg_kdbo mkeh\byo hij_~ eyxsbo \h fgh]hf bo
iheh\bgu DK< g_ hij_”~ e _gu "Zlu bo h[jZah\Zgby hlikmlkI\t
gZ[ex™"Zl_evgZy k_Ilv aZ jZa\blb_f \hjhgpgtdf_9Jgkhkébgha\ha¥rh k”_eZ
\u\h”® h Ihf qglh ijbf_g _gb_ g _dhlhjuo \_jhylghklguo f_Ih~"h\ \uqt
bgl _gkb\ghklb ijh\Zehh[jZah\Zgby hij_~_ e _gb_ izZjzf _Ijh\ jZkq.
ij_~klz\ey Iky dhjj_dlguf b g_ y\ey Iky h[hkgh\Zgguf

Dexg_\u_ kehW\Zklhkimnnhabhggu_ \hjhgdb bgl _gkb\ghklv ijh\Zeh
jZkg_lguc ijhe_| jZkij_~_e_gb_ agZq_gbc izZjzf_Ijh\ \hjhghd hl
dZjklh\uo \h® fhsghklv jZa™ _eyxsbo Jebg

<\_"_gb_

<h \lhjhc iheh\bg_ijhreh]h klihzdllb\ywgbpgdZebkv kem
h[jZah\Zgby dXjkhnhabhgguo \hjhghd DK< glh [he
ki_pb